Experimental analysis of renal regulation of sodium and chloride excretion is complicated by the fact that the functional contributions of the proximal and the distal tubular segments to the urinary electrolyte pattern cannot be readily separated. If electrolyte transport in one of these tubular sites could be significantly depressed without affecting the other, it might be possible to clarify this tubular division of labor, particularly with regard to the suggested relationship between variations in glomerular filtration rate and electrolyte excretion (1, 2) .
The mercurial diuretics, which reversibly inhibit tubular reabsorption of electrolytes and water, would be valuable tools for such a dissection of tubular function if it could be established that such inhibition is localized to a particular tubular segment. However, the precise renal locus of this action of mercurials has not been unequivocally demonstrated (3) .
In dogs, following the minimal doses of mercury which produce anatomic changes, microscopic lesions are seen only in the cells of the proximal tubule. Therefore, organic mercurials may be expected to interfere significantly with proximal tubular function (4) . This surmise is supported by reports that certain presumptively proximal tubular functions, such as the secretion of diodrast and para-aminohippurate and the reabsorption of glucose, uric acid and calcium, are significantly depressed in man by therapeutic doses of mercurial diuretics (5) (6) (7) (8) (9) .
However, in the dog secretion of para-aminohippurate is not affected by diuretic doses of salyrgan (6) . Moreover, renal aniso-osmotic reabsorption of water and electrolytes, which requires the major energy expenditure in electrolyte and 1 Supported in part by grants from the National Heart Institute, U. S. Public Health Service, Campbell Pharmaceutical Co., and the Martha M. Hall Foundation.
water excretion, probably takes place in the distal tubule (1, 10) . While it seems unlikely that a toxic heavy metal such as mercury would fail to affect the distal tubular enzyme systems involved in this process, no direct evidence has been presented as yet that mercurials in the usual therapeutic doses produce any anatomical or functional changes in the distal tubules. Therefore, the present investigation was undertaken to study in human subjects the effect of organic mercurials on the only active renal functions specifically attributed to the distal tubule: namely, ammonia and titratable acidity production (11) . The significance of the data obtained is discussed in relation to the site of action of mercurial diuretics.
METHODS AND MATERIALS
The subjects of this investigation included eight patients in congestive failure who were maintained on a low salt cardiac diet and two patients without heart disease on a regular hospital diet. Acidosis was produced by the administration of 9 to 12 grams of ammonium chloride (Enseals 2) daily in divided doses for three to five days. Then, with the patient resting in the postabsorptive state, a soft-rubber multi-holed vesical catheter was inserted and urines collected under mineral oil during moderate water diuresis. Bladder emptying at the end of each period was promoted by suprapubic pressure alone without the usual bladder washout technique. The constancy of the urinary electrolyte, ammonia and titratable acidity excretion during the three to five 15 to 20 minute control periods indicates that adequate bladder emptying was achieved. After the intravenous administration of 2 ml. of either Mercuzanthin or Thiomerin, urine collections were continued until some time after maximal diuretic effect had been attained. In all cases, urines were analyzed immediately for ammonia, pH and titratable acidity, later, for chloride and in some instances also for phosphate, sodium, potassium and calcium. Additional experimental details and variations in experimental design are discussed below.
In Figure 1 presents the results of a control experiment which demonstrates that in an acidotic subject, when no mercurial diuretic was administered, no significant change in urinary chloride, ammonia or titratable acidity excretion occurred during approximately four hours.
In Table I are presented the data on urinary water, chloride, ammonia and titratable acidity of eight patients during the control periods and at the peak of water and electrolyte diuresis after administration of a mercurial. It is evident that ammonia excretion was unaffected by the mercurial in six patients and decreased slightly in two. (20) , renal production of titratable acidity is a direct function of the amount of buffer delivered to the distal tubular segments. Therefore, it appeared possible that the increased urinary titratable acidity during diuresis in acidotic subjects might reflect a mercurial inhibition of proximal tubular reabsorption of phosphate or bicarbonate, which would increase the amount of buffer available to the distal tubules.
To test this hypothesis, urinary phosphorus excretion was also measured during control periods and following mercurial administration to four of the patients (Table I ). In the three who exhibited significant increases in urinary titratable acidity after the mercurial, there was coincidental enhancement of phosphorus excretion ( Figure 2 ).
Prior to giving the mercurial, the load of phosphate and other buffer delivered to the distal seg- ; As Table II and Figure 3 illustrate, during the phosphate infusion, with the greater distal load of buffer reflected by the higher urinary phosphate excretion, there was a progressive increase in titratable acidity. As before, after the mercurial, the titratable acidity production increased in both cases as the urinary phosphate excretion was augmented. Figures 4 and 5 tubular sodium. It is conceivable that the increased distal sodium load after mercurial inhibition of proximal reabsorption might enhance ammonia secretion in these acidotic subjects, thereby masking any partial mercurial depression of this distal function. In fact, Ryberg (21) has reported that in acidotic human subjects, oral administration of concentrated salt solutions did result in such an increased urinary ammonia production, as the urinary sodium excretion increased.
Therefore, in an acidotic male (A. C.) with normal kidneys, clearances of inulin and electrolytes, including calcium, and urinary ammonia, titratable acidity and pH were measured during four control periods, and during infusion of a 2A%% sodium chloride solution at a rate of 8 ml./min. for 90 minutes. Then, 2 ml. of Thiomerin were injected intravenously and the infusion of the concentrated salt solution was continued at the same rate as before. Sixty miniutes later, when the urine volume began to fall from its post-mercurial maximum, 0.5 gram of aminophyllin was slowly injected intravenously, in an effort to increase filtration rate and to determine the maximal diuretic effect obtainable under these conditions (Table  III and Figure 6 ). excretion returned to control levels, but urinary volume remained low. Simultaneously, the excretions of sodium, chloride and calcium and the glomerular filtration rate increased to above control levels; the rise in the latter, however, was more gradual and continued even after the mercurial was given." Thus, despite the increased sodium load delivered to the distal tubules, there was no significant potentiation of ammonia production.
After administration of the mercurial, despite the rapid onset of profuse water, sodium and chloride diuresis, and a marked increase in calcium, potassium and phosphate excretion, there was no significant change in ammonia production; titratable acidity production doubled. At peak diuresis (U11), urine . effect of the mercurial waned, urinary volume and sodium, chloride, phosphate, titratable acidity, and calcium excretion fell without a significant change in ammonia production.
Potassium excretion also was maximal during U11, reached a new peak during U13 after aminophyllin, and remained high. The maximal potassium clearance achieved was 69.5 ml./min. at which time the CK/CII ratio was 0.46.
DISCUSSION
The demonstration that in ammonium chloride acidosis mercurial diuretics do not reduce ammonia production and may actually increase titratable acidity production has a number of interesting implications. The potentiation of mercurial action by pretreatment with acidifying salts is not clearly understood (3). One explanation may follow from the fact that in acidosis the base-conserving mechanisms of the distal tubule normally function at high levels. If mercurials were to inhibit ammonia and titratable acidity production, diuresis would be increased by the excretion of the additional sodium ordinarily retained by these cation exchange processes. Such potentiation of mercurial action by acidosis would then suggest that the distal tubule is a locus of mercurial diuretic action. Since these mechanisms are not depressed by mercury, acidotic enhancement of mercurial diuresis must depend upon some other process.
The fact that these two distal tubular functions are not depressed by mercurials does not exclude the action of these drugs on other distal tubular mechanisms for reabsorbing electrolytes and water. However, the increased titratable acidity, paralleling the increased phosphate excretion after mercurials, provides evidence that this distal tubular function is unimpaired when the proximal tubular mechanism for reabsorbing phosphate is depressed by mercury. A number of other presumably proximal tubular functions-diodrast and para-aminohippurate secretion, and glucose, uric acid, calcium and potassium reabsorption-are known to be depressed by mercurial diuretics in man (5) (6) (7) (8) (9) 22) . With such widespread inhibition of other proximal functions, it seems improbable that sodium and chloride reabsorption by the proximal tubule would be spared.
When the present investigations of the mechanism of mercurial action were begun, it was generally held that the proximal reabsorption of sodium was iso-osmotic (10) , and theoretically involved little expenditure of energy. Therefore, in seeking the functional segment where mercury could interfere with energy expanding processes and produce diuresis, attention was focused on the distal tubule, in which reabsorption of water and electrolyte is aniso-osmotic and, therefore, active. Since then, others (23, 24) have presented evidence suggesting that part, at least, of proximal tubular sodium and chloride reabsorption may be an active process. In view of this, a mercurial inhibitory effect on this activity which involves osmotic work must be considered.
Whether mercurials have a significant effect on distal tubular reabsorption of sodium, chloride or water remains to be established. Several investigators have concluded that mercurials fail to affect Pitressin antidiuresis since Pitressin diminishes the water diuresis following mercurials, without decreasing the electrolyte diuresis (3, 25) . Since facultative water reabsorption, which concentrates the urine with respect to electrolytes during Pitressin antidiuresis, is presumably localized to the distal tubular segments, this may be another distal function which apparently is not affected by mercurials. In fact, potassium secretion is the only function considered to be distal in localization which is depressed by mercurials (26) , but it has not been conclusively demonstrated that this too may not be proximal (3).
Duggan and Pitts (27) recently have concluded that in dogs mercurials act by depressing distal tubular reabsorption of electrolytes and water. This conclusion was based chiefly on the fact that despite massive doses of mercurials, the sodium excreted never exceeded 21 %o of that filtered, whereas, 67%o to 87%o of filtered sodium is generally considered to be reabsorbed proximally. They did agree, however, that if there were two proximal mechanisms for reabsorbing sodium, only one of which is mercury sensitive, their data could be as readily interpreted as indicating that mercurials act only on the proximal tubules. Mudge, Foulks and Gilman (23) have presented evidence that mercurial action in dogs during forced osmotic diuresis is probably exerted on proximal tubules, and noted that the percentage of filtered electrolyte appearing in the urine after mercurials may vary with the experimental conditions.
In this connection, the observations on patient A. C. are significant. In this acidotic subject, a hypertonic sodium chloride infusion served first to increase, and then to maintain the serum electrolyte concentration and the filtration rate after the mercurial. At the point of maximal diuresis, the water, sodium and chloride excreted were 32.9%b, 33.8%yo and 38.8%o of the corresponding amounts filtered. Even if expressed in terms of the increases over the pre-mercurial excretions, and of the rate of sodium infusion (3.4 mEq./min.), these values are far greater than could be attributed to distal tubule function alone (1) . After the aminophyllin injection the filtration rate increased and a further rise occurred in the percentages of filtered electrolyte and water that were excreted.
Analysis of the changes in urinary sodium and chloride concentration in this patient provides still another approach to the question of renal site of action of mercurials. Prior to giving the mercurial, the hypertonic salt infusion had evoked the typical posterior pituitary antidiuretic hormone discharge, leading to decreased flow of urine with high electrolyte concentration (28) . This posterior pituitary response was maintained throughout the study by continuing the hypertonic saline infusion. Under these circumstances, were no mercurial given, unpublished observations indicate that the urine flow would approximate 5 to 6 ml./min. with a sodium concentration of 170 to 190 mEq./l. As indicated above, mercurials have been reported to exert no effect on distal tubular facultative water reabsorption in dogs receiving very large doses of Pitressin (3, 25) .4 Therefore, if mercurials act by depressing distal tubular electrolyte but not water reabsorption, leaving proximal activity unimpaired, diuresis in this case should have been associated with even higher urinary electrolyte concentrations.
Actually, after the mercurial, the urinary electrolyte concentrations fell significantly. If these drugs act by depressing proximal tubular reabsorption of electrolyte and water in man, without affecting distal water reabsorption at these high levels of endogenous antidiuretic hormone production, this decreased urine electrolyte concentration during diuresis could represent dilution of the otherwise concentrated urine by iso-osmotic filtrate which has escaped proximal reabsorption.
For example, the urine sodium concentration of 148 mEq./l. during the peak urine flow of 42 ml./min. may be accounted for by the dilution of a small volume of hypertonic urine (sodium = 170-190 mEq./l.) with six to seven times its volume of iso-osmotic filtrate (sodium = 141-144 mEq./l.). This additional filtrate, like that escaping proximal reabsorption during profuse osmotic diuresis, is little influenced by the activity of the distal tubules which, unaffected by the mercurial, are already reabsorbing water and electrolytes at virtually maximal rates (23) .
Thus, the functional evidence in man, like the anatomical evidence, strongly suggests that much of the diuretic effect of mercurials is exerted proximally. Whether these drugs may also affect distal tubular function, remains to be established. Until the critical experiments have been devised to settle the latter point, final conclusions as to the site or nature of renal mechanisms for reabsorbing electrolytes, based on mercurialized men or animals, should be reserved.
SUMMARY
In an effort to determine whether mercurial diuretics affect distal tubular function in man, the effect of Thiomerin and Mercuzanthin on two active distal mechanisms-ammonia and titratable acidity production-was studied in patients subjected to ammonium chloride acidosis. The mer-curials had no effect on ammonia secretion. However, during the diuresis there was an increase in production of titratable acidity, probably resulting from greater load of phosphate and other buffers delivered to the distal tubule, secondary to mercurial inhibition of proximal tubular reabsorption. When the distal tubular load of phosphate was first increased by infusing a buffered sodium phosphate solution, the mercurials still produced an increase in titratable acidity production, which was again paralleled by augmented phosphate excretion.
To determine if an increased sodium load similarly might augment ammonia production, administration of the mercurial was preceded by rapid infusion of hypertonic saline in an acidotic subject. No significant change in ammonia or titratable acidity production was observed but at the height of diuresis, urinary water, sodium, and chloride excretions were 33%o, 34%o and 39% of the corresponding amounts filtered and there was a significant decrease in urinary electrolyte concentration.
The data are discussed in relation to site and mechanism of action of mercurial diuretics in man. It is concluded that much of the diuretic action of mercurials is exerted on the proximal tubule and that although these diuretics may also act on the distal tubules such effect on distal tubular function remains to be established.
